NS J5 (glof2) Stoichiometry — Limiting Reactants — in grams Name

Again let me reemphasize that there is no substitute for reading the problem carefully. There will be several numbers in each
problem, (some of which may not even be necessary) and you must be sure and use the appropriate numbers at the appropriate
times. Each number in all of these problems should have three labels associated with it.

1. the units (g, mole, etc)

2. the Identity label — who the substance is ( H2O , carbon dioxide, Al, lead, etc)

3. the Descriptor label: descriptive words to tell you more about the material — (started with, produced, needed, mass
theoretically produced, experimental mass, left over, etc)

For you to have success you need to keep track of the labels on every number both at the start of the problem and throughout the
problem. If you lose track of who’s who, you are likely to use the wrong number at the wrong time.

Problem Solving Plan

As before there is a basic pattern to all stoichiometry problems, with variations depending on what information is given and what
questions must be answered. For limiting reactant problems, the problem will give you information about two reactants (as
opposed to the one given in the earlier type problems).

A. You must always start with a balanced equation. (If you need more help with that go back to unit G)

B. Ifitis a limiting reactant problem.... Determine which reactant LIMITS
*  First you must change your mass values to moles.

*  The mathematical trick to determine which reactant limits is to divide the moles of each reactant by the coefficient
(from the balanced equation) associated with that reactant. The number that comes out the smallest indicates which
reactant is the limiting one. The limiting reactant is the one that you must base all your other calculations on because
it is the substance that limits how much of everything else can be made or is needed.

C. Answer and questions asked using your Balance Equation Links:
*  Always start with the limiting reactant to answer any questions that are asked.

*  Use whatever stoichiometric LINKS are necessary to convert the moles of the known limiting substance to the
moles of one of the desired information.

*  Note that the LINK is set up with the known substance on the bottom (so it will cancel out) and with the desired
substance on the top.

D. Of course, the other reactant (if there’s only two) will be the excess reactant, and some of it will be left over.

E. Knowing which reactant limits and which is excess, use the limiting reactant to set up a stoichiometric LINK to
determine the moles of the excess reactant that is actually needed to do the reaction.

F. Subtract the moles of reactant that you just calculated was needed from the amount of excess reactant started with to
determine the moles of excess reactant that is left over.

G. Determining Percent Yield
*  Use the link as instructed in part C to calculate the theoretical amount of the product for which you need a yield.

*  The experimental amount actually produced will be given in the problem. Use it to set up the equation:
exp erimental

x100 = PercentYield
theoretical

Sample Problems on the next page
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Sample Problems — Study these carefully, and model your work after these.
1.

s S . . ey . Molar M
Lithium hydroxide is reacted with carbon dioxide to produce solid lithium carbonate and liquid water. If olar Vasses

you started with 250.0 g of carbon dioxide and 120.0 g of lithium hydroxide, what mass of water could be g/mol
made? If you went to the lab and actually produced 35.0 g of H20, calculate your percent yield. Which LiOH =23.95
reactant is left over, and what mass of it are left over? CO2=4401

) ) ) Li>CO3 =73.89
A. Balance the equation: 2LiOH + CO» — LiCO3 + HO H.0 = 18.02

B. Use the “trick” to determine which reactant limits

Imol \  5.68molCO,
44 ¢ 1

=2.5 thus LiOH limits the reaction

. 250gCo0, (

-5 > 120gLi0H(1m01): SmolLiOH

24g 2

C. Determine the mass of product that should be produced (be sure and base you calculations on the limiting reactant).

1 1H 1
120gLiOH mol ( ,20 j( 8s J =450gH,0 should be produced (theoretical)
24¢ J\ 2LiOH )\ 1mol

D. Because the LiOH limits, CO, must be the excess reactant.

120gLiOH tmol ( 1Cj02 j( 44g ) =110gCO, are needed to react with all the LiOH
24g J\2LiOH )\ 1mol

E. Calculate how much COz is left over
e 250 g COs started with — 110 g CO2 needed = 140 g CO: left over

35gH,0

F. Calculate the percent yield
45¢H,0

x100 = 77.8% yield of H,O

. . . . . . Molar Masses
Write the reaction that represents the formation of carbon disulfide and carbon monoxide by reacting carbon

with sulfur dioxide. If 80.0 g of carbon are reacted with 224.0 g of sulfur dioxide, what mass of carbon in g/mol
monoxide can be produced? What mass of the excess reactant is left over? If 135 g of CO were produced in C=1201
the lab, what is the percent yield of CO? What if you wanted to use all the left over reactant, how much more SOz = 64.07
of the limiting reactant would you need? CS,=76.15

. CO =28.01
A. Balance the equation: 5C + 2SO, — CS2 + 4CO

B. Use the “trick” to determine which reactant limits

=1.75 thus C limits the reaction

lmol) _ 6.67molC

=133 < 22450, lmol ) _ 3.5molSO,
12g 5

802C
. & ( 64g 2

C. Determine the mass of product that should be produced (be sure and base you calculations on the limiting reactant).

80gC lmol [4C0)( 28¢ j =149gCO should be produced (theoretical)
12g 5C )\ 1mol

D. Because the C limits, SO> must be the excess reactant.

80¢gC Imol (ZSOZ )( 0dg j =171gS0, are needed to react with all the C
12g 5C 1mol

E. Calculate how much SO is left over
* 224 g SOy started with — 171 g SOz needed = 54 g SO; left over

135gH,0

x100 = 90.6% yield of CO
149¢CO 0

F. Calculate the percent yield

G. Calculate how much more C would be needed to use up all of the SO» that is left over

54gS0, lmol >¢ ( 12¢ j =25gC more needed to use up all the excess SO2
64g )\ 250, )\ 1mol
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Worked out

Qe . MM(g/mol

Opener: Stoichiometry & Percent Yield on next page Al :(2g6_98 )

Aluminum reacts with nickel(II) sulfate to produce nickel and aluminum sulfate. §¥305“8:61954-76
1= .

1. Write a balanced equation. Alx(SOa4)3 = 342.17

2. 1f0.0132 mol of aluminum is reacted with 2.65 g of nickel(Il) sulfate, what mass of aluminum sulfate could
be produced? (Which reactant is the limiting reactant?)

3. If 1.45 g of aluminum sulfate were actually produced in the lab,
calculate the percent yield of aluminum sulfate.

4. How many mole of nickel can be produced at the same time?

5. What is the mass of the excess reactant would be left over? (What mole of excess reactant actually reacted?)

6. If you wanted to use up all of the excess reactant,
how much more of the limiting reactant would you need to use?
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Opener: Stoichiometry & Percent Yield xl\f(zggggl)

Aluminum reacts with nickel(II) sulfate to produce nickel and aluminum sulfate. §%805“8:61954.76
1= .

1. Write a balanced equation. 2 /“ + 3 N Sd{ - 3 Nl' £ 14(7_(50‘()3 Alx(SO4)3 = 342.17

2. 1f0.0132 mol of aluminum is reacted with 2.65 g of nickel(Il) sulfate, what mass of aluminum sulfate could
be produced? (Which reactant is the limiting reactant?) Ka owing which reactend Limds (runs ovt {%‘rsi-) (s importeat

Normalize 4o determin g Limct Z:b5g NSy Imo) = 0.017 mo) NiSoy_ 0057, Lone

15%7‘ N I - ! (ndicates
oR CalCu[ﬁ‘f‘Q aMUW\+ 4 I §0¢/ / Tg:;*f;a;?in-**
% peoduck feom beth 0:0132 mol Al ‘

2.654 M,‘S(),’*l_ﬂ - D017 mdf M')’oy,(/A/z(SDv); x 3124 '7;: ) 9’5} /;;Z{m,)} Compate,

\5%7" 3 ”": 0‘/ Il mo smalles amovnt
J Al x [AL(29); 34247 Cax bt o
04 0132 mo 2 3 2. an .
2 Al x m": él'lbjpr‘z(s"\l);

3. If 1.45 g of aluminum sulfate were actually produced in the lab, Al (S04), ExP
calcui@he percent yield of aluminum sulfate. ' 'qgj 2( ) 5= oV — 7%2 %
Stadve lab "’ means Q)cpell'ﬂ'\en’f‘v( 1.9 5} A‘Z(SOq)} THESR 1\'2‘3

4. How many mole of nickel can be produced at the same time?

——

we stard s ()muﬁr 0. 0 /7[ mol /Vi30y X 3Ni = 00171 wmof N can be @ﬂd‘"—aJ
Lith the NS0y becavse i (s dhe . 3 NisSoy =
[;M:h’AJ vealtant (WoT just becouse i has aickel ia h‘)

if Al were the Iim{-h‘r«j reacfunt we would need 4o Sterd Wil Al

5. What is the mass of the excess 1@ l ant would be left over? (What mole of excess g%nt actually reacted?)
Shart ol e We new know the exeess is Al

[imi} reacfant ‘ 0.0132 mol Al bivea
001 md iS04 x ZAL.= =0.001Y mo) ] needed

00018 il M left s x 26935 _ (5, g4 %19 A)
towol \ef+
6. If you wanted to use up all of the excess reactant, ‘%
how much mere of the limiting reactant would you need to use?
Mass %601« fuis nowbers *Q‘om *Lw pﬂevl'NS ('06‘0—“

0400/3 mo)ﬁl /2[7‘)( iZI"SO\/x 276—1215 ”"{,j ”I.Spy ”@M—P uSe VP M‘A’

o
} 0,012 mdl Al x 3”“30‘/’( ’5'{-765__ 3.06" A{,‘S&, need 4o use Up O_Aj_ Al ‘.
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